1. Introduction
===============

Red blood cell (RBC) transfusion is an important part of the treatment process. It has an essential role in saving patients' lives and improving their physical health in critical conditions. The need for transfusion of blood products continues to rise due to an increase in diseases that endanger human life. Therefore, it has become a global concern to have adequate blood products that fulfill the increasing need and to prevent any wastage of blood products ([@b1-epj-10-6764]). Wastage of blood products should be eliminated or reduced to less than 1% if possible ([@b2-epj-10-6764]). The rate of RBC wastage is different in various countries. The United Kingdom has a wastage rate ranging from 0.26% to 6.7%, while the United States has a 4.4% rate ([@b3-epj-10-6764]--[@b5-epj-10-6764]). A study assessing blood transfusion and waste in Qazvin hospitals in Iran reported that 3,048 (9.8%) out of 30,913 issued blood products were discarded. From the discarded 3,048 units, 59.4% were packed red blood cells ([@b6-epj-10-6764]). Temperature is one of the main factors that can greatly affect blood quality ([@b7-epj-10-6764]). Inappropriate temperature during blood storage and transportation leads to high level wastage of RBC bags. RBC bags must be stored and transported between 1--6 °C and 1--10 °C, respectively ([@b8-epj-10-6764], [@b9-epj-10-6764]). Storage and transportation of RBCs outside the standard range leads to hemolysis with blood biochemical changes ([@b10-epj-10-6764]). Infusing inappropriately stored RBCs can have fatal consequences since they might cause severe complications and should be discarded ([@b11-epj-10-6764]--[@b15-epj-10-6764]). It is essential to use various strategies to decrease blood wastage and deliver blood products safely and effectively. One of the common interventions in this regard is educating the staff based on the feedback received about the conditions of blood storage and transport. Feedback is a theory-based concept that can reinforce or modify behaviors in order to confirm positive behaviors and correct negative behaviors ([@b16-epj-10-6764], [@b17-epj-10-6764]). Several studies in the field of medicine investigated the effectiveness of feedback intervention on clinical practice ([@b18-epj-10-6764]). The majority have shown the beneficial effects of feedback to improve the quality of clinical care. Despite the implementation of multiple interventions, there is still room for improvement in blood transfusion conditions. The purpose of this study was to determine the effect of feedback intervention on errors caused by improper storage and transportation of blood bags. The research hypothesis was that there would be an improvement in the inappropriate temperature of blood bags in the intervention group after implementing feedback.

2. Material and Methods
=======================

2.1. Study design
-----------------

This quasi-experimental pretest-posttest study was conducted in a teaching hospital with 1,118 beds in Mashhad, Iran, and in two periods during the same season: winter of 2015 (pre-intervention period) and winter of 2016 (post-intervention period). During the study period, 200 RBC bags were transported from the blood bank to the CSICU and OR for transfusion. Responsible personnel in the blood storage and transportation phases were divided into two groups. The intervention group comprised of the personnel in the blood bank department and the control group included personnel and nurses in the OR, CSICU or during transportation. During the pre-intervention period, both groups were not aware of the details and objectives of the study. They were asked to conduct the same work routine. The research was approved by an appropriate ethics committee of the institute.

2.2. Sample size
----------------

Based on the results that had been published in similar articles, the percentage of inappropriate temperature during the pre-intervention period was considered to be 40%. To detect an effect size of 20%, a reduction from 40% (pre-intervention period) to 20% (post intervention period), with a power of 0.8 and an alpha error of 0.05, calculated sample size was approximately 100 RBC bags for each period.

2.3. Outcome measurement
------------------------

The primary study outcome was the percentage of inappropriate temperature of the RBC bags in each phase analyzed. In this study, there were six phases of storage and transportation for the blood bags, which included: blood bank storage, transportation from the blood bank to the OR, OR storage, transportation to the CSICU if not used in the OR, CSICU storage and finally transportation back to the blood bank if the blood bags were not used in the CSICU. In this study, the term 'error' has come to be used to refer to a temperature of a bag of RBCs that was not in the range of 1--6 °C and 1--10 °C in the storage and transportation phases, respectively.

2.4. Instruments
----------------

A temperature monitoring system was developed by the research group for this study and was used to monitor the temperature of RBCs ([@b19-epj-10-6764]). The temperature monitoring system was equipped with an accurate sensor and a memory to save temperature in the specified time interval (one per 2 minutes). The devices were attached to individual bags of RBCs that were transported from the blood bank to CSICU and OR. In this research, a form was designed to collect the required information. Each part of the form was completed by trained personnel in the six different phases of blood bag delivery and storage. The fields in the form included some demographic data of target patients, bag unit number, device number, date and time when the device was attached and the date and time of bag issuance. The time of entrance to and exit from each phase of each blood bag was also recorded. After the data entry was completed, the form would be attached to the bag.

2.5. Intervention
-----------------

The intervention consisted of feedback on errors related to inappropriate temperature that occurred in the storage phase in the blood bank during the pre-intervention period. The intervention was performed in the following order:

-   The head of the blood bank department was given a structured presentation that explained the details of improper conditions in blood storage and transportation.

-   Paper-based feedback was also provided to blood bank personnel who were members of the intervention group. This report included: 1) the frequency of errors; 2) the approximate time when the errors occurred; 3) the most frequent causes of errors; and 4) suggestions for improvement.

The control group did not receive any feedback and did not change their work routine during the post-intervention period.

2.6. Data analysis
------------------

The research team extracted the time spent for the blood bags in the different storage phases from the tracking form. This determined the total measurements in each phase. The effect of the intervention on the RBCs' temperature was evaluated by comparing the percentage of inappropriate temperature of RBC bags in the pre- and post-intervention period.

3. Results
==========

A total of 119,511 and 160,562 measurements were recorded by the temperature monitoring devices (one per 2 minutes) in the pre- and post-intervention periods, respectively. Inappropriate temperatures for pre- and post-intervention periods were 9% and 7.5% of total measurements, respectively. In order to determine the percentage of errors in different phases, the proportion of out-of-range data during each phase to the total out-of-range data was assessed in pre- and post-intervention period. The most frequent error during the pre-intervention period occurred in the blood bank. In this specific phase, the percentage of errors decreased from 74% in pre-intervention to 36% in post-intervention. Surprisingly, there was a noticeable increase in the percentage of errors when compared to the pre-intervention period observed in the OR (from 19.5% to 40%), CSICU (from 6% to 20%) and transportation (from 0.5% to 4%). The most frequent errors during the post-intervention period occurred in the OR. Because the bags were stored for a different duration in each phase, the critical condition of each phase should be considered based on the time spent in that phase. Therefore we calculated the proportion of out-of-range data to the total data in the same phase. [Figure 1a](#f1-epj-10-6764){ref-type="fig"} and [Figure 1b](#f1-epj-10-6764){ref-type="fig"} below show the details of error percentages in different phases.

In the blood bank, there was a decrease in the percentage of errors from 30% at the pre-intervention period to 12% at the post-intervention period, which represented a relative reduction of 60%. Notably, there was an increase in the percentage of errors compared to the pre-intervention period observed in the phases related to the control group, which included the OR (from 6.5% to 20.5%), CSICU (from 1% to 2.5%) and transportation (from 0.6% to 16.6%).

4. Discussion
=============

The results of this study showed that the intervention led to a marked reduction in the percentage of inappropriate temperature in the blood bank related to the intervention group, while an increase was observed in the percentage of inappropriate temperature in the phases related to the control group. These results support our hypothesis that feedback-based intervention in the blood transfusion field can be as effective as in other fields ([@b18-epj-10-6764], [@b20-epj-10-6764]--[@b22-epj-10-6764]). To the best of our knowledge, no studies in the field of blood transfusion have exclusively evaluated the effects of a feedback-based intervention for improving inappropriate temperature during storage and transportation of blood bags. In the majority of the studies, multiple interventions were performed simultaneously. Therefore, it is not possible to conclude the impact of each intervention individually and identify the most effective one. The results of this study showed that the feedback given to the staff of the blood bank could raise awareness about critical storage conditions. Considering that the staff of the blood bank play a critical role in preserving the quality of blood products ([@b23-epj-10-6764]), it appeared that the target population understood the feedback, and this could be seen as one of the causal factors of the decrease in inappropriate temperature of blood bag storage. While the percentage of inappropriate temperature notably reduced by about 30% to 12% in the blood bank after the implementation of the intervention, considering the high percentage of inappropriate temperature even after the implementation of the intervention, there is still room for improvement in the conditions of blood bag storage. The International Organization for Standard requirement for medical laboratories (ISO15189) noted that the blood bank is responsible for maintaining the quality of blood products which contains the monitoring of the blood bag temperature chain control ([@b23-epj-10-6764]). A possible explanation for the high percentage of inappropriate temperature in the blood bank may be the lack of adequate staff in the blood bank to carry out the blood compatibility tests. As a consequence, blood bags are placed out of the refrigerator in ambient temperature for a long time. On the other hand, the observed increase in percentage of inappropriate temperature in some phases of storage and transportation in the post-intervention period could be attributed to lack of periodic monitoring and inspections of the blood storage equipment such as refrigerators. So, blood bags are placed in non-standard temperature until they are used or transferred to other wards. The observed increase in percentage of inappropriate temperature in the post intervention period that was implemented one year after the basal period could be related to progressive deterioration in equipment. Also, the usage of non-standard cool boxes or the transport of RBCs together with patients between OR, CSICU or other wards might cause transportation of RBCs outside the specific defined temperatures. The high level of inappropriate temperature in different phases is more likely to be related to the implementation of a health system reform plan in Iran. Based on the results of previous studies, implementation of the plan resulted in insufficient equipment, insufficient staff, increase in the workload and, consequently, a decrease in work quality ([@b24-epj-10-6764], [@b25-epj-10-6764]). In the same way, the consequences increase the workload of personnel, especially in the blood bank, which already was faced with a shortage of personnel. The results of most previous studies that investigated different contributing factors associated with blood wastage indicated a positive effect of intervention. One study, which aimed to reduce blood wastage, applied the sigma methodology and showed that 87% of wasted RBCs were caused by inappropriate temperature during storage and transportation. The interventions conducted by the investigators resulted in a decrease of RBC product wastage from 4.4% to 2%. The important factors which affected the RBC wastage were the inadequate knowledge and education of the staff, the lack of accountability, and inappropriate transportation equipment and temperature monitoring devices ([@b5-epj-10-6764]). Results of similar studies indicated that multiple interventions, such as educational programs, different types of targeted messages, and an enhanced transportation process were effective in reducing wastage of RBCs ([@b26-epj-10-6764]--[@b29-epj-10-6764]). Results of a study by Bots et al. showed the insufficiency of first intervention including awareness of medical staff and modifying transportation procedure in RBCs wastage reduction. In the second intervention, intensifying training of and communication with the medical staff and improving the transport conditions led to the decrease in RBCs wastage ([@b30-epj-10-6764]).

The findings of our study may be somewhat limited by the study design. First, in quasi-experimental design, there is a potential for confounders. In order to evaluate the effect of external confounders, we used a non-equivalent control group. Using a non-equivalent control group is problematic; however, in a single hospital, it is not possible to select an equivalent control group. Secondly, in pretest-posttest design, multiple simultaneous interventions might affect the study outcome measures. We are not sure, but some of the changes that have occurred due to the implementation of the health system reform plan may have affected the results of our study. The study was implemented during the same season in two consecutive years, which meant that there was a long gap between the pre-intervention period and post-intervention period. This may have affected the outcome, but considering that the ambient temperature was influential on the study results, it was important to implement pre- and post-intervention period during the same season. Thus, we accepted the long interval to provide similar conditions in pre-intervention period and post-intervention period, although, this long gap could have reduced the durable impact of the intervention. Blood products from production until utilization may be stored in different temperature conditions. Therefore, it is necessary to monitor the temperature of blood products from production time in determining whether the products can be used or must be discarded. In the present study, only blood bags that were sent from the blood bank to the OR and CSICU were studied because of the limitation in the number of temperature monitoring devices. Despite these limitations, the key strengths of this study are the large sample size in the intervention and control group, and the use of a device that made continuous monitoring and recording of blood bag temperature possible. The findings of this study have a number of implications on the process of blood product storage and transportation. Based on the results of the effect of feedback-based intervention in the present study, we suggest periodic reports of the situation should be provided for the responsible staff and related education programs to raise awareness and accountability of personnel should be conducted. Based on the experiences of other studies, developing targeted interventions such as use of passive interventions such as posters, booklets, and paper guidelines as low-cost tools, creating minor changes in the storage and transportation process, using standard equipment, employing monitoring devices and utilizing decision support systems in future research can lead to an improvement in blood bag storage and transportation conditions.

5. Conclusions
==============

The clinical implications of the limited supply of red blood cells (RBCs) for transfusion can lead to the application of various strategies to decrease blood wastage and safely and effectively deliver the blood products. Despite the implementation of multiple interventions, there is still room for improvement in blood transfusion conditions. The results of this study showed that the feedback-based intervention led to a marked reduction in the percentage of inappropriate temperature in the blood bank related to the intervention group.
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